Migraine is known to run in families and has long been considered a strongly heritable disorder. We sought to investigate the age of onset of migraine between successive generations. Our retrospective cohort included 102 children with migraine who were referred to a pediatric headache clinic and their affected parent(s). Age at migraine onset was significantly lower in the children with a history of maternal or paternal migraine than in their mothers or fathers (P < .001). In conclusion, data on parental history of migraine showed that children with migraine were significantly younger at first appearance of the disease than their affected parents.
Migraine is known to run in families and has long been considered a strongly heritable disorder. 1, 2 There are numerous reports of a high prevalence of a positive family history of migraine in migraineurs. 3, 4 Genetic epidemiologic studies have shown that compared with the general population, first-degree relatives of patients with migraine without aura have an increased risk of migraine with and without aura.
1,2 Environmental factors, including the pain-related behavior of the parents, 5 epigenetic mechanisms, and exogenous processes such as female sex hormones, menstrual cycle, and inflammation 6 also appear to influence migraine onset. 7 Accordingly, in a previous study by our group of 344 pediatric migraineurs, 8 migraine appeared at a younger age in those with a parental history of migraine than in those with a negative family history. However, our search of the literature failed to yield any studies investigating differences in age of onset of migraine between children and their parents. These data would be useful for the early diagnosis and treatment of pediatric migraine. In addition, a relationship between age of onset of migraine across generations might have an effect on the natural history and the severity of the disease.
The aim of this study was to evaluate the age at which migraine presents in children with a parental history of migraine compared to age of onset of migraine in their parents.
Methods
The electronic database of a headache clinic of a tertiary pediatric medical center was retrospectively searched for all children and adolescents (up to 18 years old) who were first diagnosed with migraine in our clinic in 2015-2016 and had a history of migraine in one or both parents. The database includes all information derived from history taking, physical examination, parental and patient questionnaires, and interviews with the parents and children. Patients with and without aura were included in the study. No patients with other variants of migraine were included in the study (probable migraine, episodic symptoms that may be associated with migraine) Patients with a negative parental history or an unknown parental history were excluded as well, as were children who were not accompanied by a parent at presentation to the headache clinic.
Clinic Procedure
According to the standard procedure at the pediatric headache clinic, at the first visit, older children and their parent(s) or only the parent(s) of younger children complete a questionnaire based on the International Classification of Headache Disorders, 3rd edition-beta version of the Headache Classification Committee of the International Headache Society (IHS). The questionnaire assesses the frequency, duration, and nature of the headaches (quality, severity, characteristics, accompanying neurologic features), time from appearance of the headaches to referral to the clinic, and related symptoms (vomiting, photophobia, phonophobia, etc). For very young children whose verbal communication is limited, headache frequency and symptoms are determined by both the child's complaints and the parents' impression from the child's behavior, according to the International Headache Society ICDIII criteria. 9 Patients and parents are interviewed either directly by the head of the clinic or by departmental residents followed by an introduction to the head of the clinic for review of the background and clinical details and the tentative diagnosis. Thereafter, the patients undergo a complete physical and neurologic examination. Since the diagnosis of migraine is sometimes difficult in children, the final diagnosis of migraine is made only after follow-up, with a review of all findings of all the individual patients' visits.
Fathers and/or mothers accompanying the patients who themselves report recurrent headaches in the present or past also undergo a detailed history. Items cover, among other factors, the presence, severity, and duration of headaches in the parent, other symptoms such as vomiting, photophobia, or phonophobia, and whether a definitive diagnosis of migraine headache was made by the physician of the affected parent(s). If the parent accompanying the child reports migraine in the other parent, we ask the other parent to attend the next clinic session together with the child so we can confirm the diagnosis. If this is impossible, we request a telephone interview.
Study Procedure
Data for the study were derived from the detailed histories of the children and their parents at the initial clinic visit and the medical records of the children confirming the diagnosis after follow-up. The study was approved by the hospital's Research Ethics Board (approval no. 391-15-RMC). The Board waived the need for informed consent owing to the retrospective study design.
In some cases, the medical files were missing data on dizziness (n ¼ 5), headache frequency (n ¼ 5), allodynia (n ¼ 8), awakening pain (n ¼ 3), and vomiting (n ¼ 2). Since the numbers were small and the data on age at onset of migraine in the children and their parents were available in all cases, we assumed the missing data did not affect the results of the study.
Statistical Analysis
To achieve a power exceeding 99.9% and a statistically significant result, we calculated a proposed sample size of 80 parents and 80 children. This computation assumes that the mean difference is -10.0 (corresponding to means of 10.0 vs 20.0) and the common within-group standard deviation is 6.7 (based on standard deviation estimates of 5.0 and 8.0).
The data were analyzed using BMDP software. 10 Discrete variables were compared between groups using Pearson chi-squared test or Fisher exact test, as appropriate. Continuous variables were compared between groups using 1-way analysis of variance. Analysis of variance with repeated measures was used to compare age at onset of migraine between the children and their parents. A P value <.05 was considered statistically significant.
Results
The cohort consisted of 102 children and adolescents, 65 female and 37 male, with a mean age of 12.6 + 3.9 years (range 4-8 years). Migraine without aura was diagnosed in 67 patients (65.7%), and migraine with aura, in 35 patients (34.3%). Ten of the patients with migraine with aura also had attacks of migraine without aura. The mean age at onset of pediatric migraine in the whole cohort was 10.4 + 4.0 years (range 3.3-17.25 years, median 10.1 years). The mean frequency of headache attacks per month was 15.5 + 11.8 (range 0.1-30, median 12). Forty-one patients had chronic migraine. The interval from the initial appearance of the headaches to admission to the headache clinic was 30.3 + 31.5 months (range 1-160, median 18).
History-taking revealed that 25 fathers and 89 mothers of the children had been diagnosed with migraine. Fathers' mean age was 42.05 + 6.14 years and mothers' mean age 42.94 + 6.56 years. In 12 cases (11.8%), both parents were affected. Table 1 compares the demographic parameters between the 90 children who had 1 parent with migraine and the 12 children who had 2 parents with migraine. The mean frequency of headache attacks per month was lower in children both with parent's migraine than children with 1 parent migraine (P ¼ .03). Although not statistically significant, the age at onset of migraine was lower in the group in which both parents had migraine (8.6 + 4.9 years vs 10.3 + 3.9 years).
On analysis of variance with repeated measures, the age at onset of migraine in the children with a history of maternal migraine was significantly lower in the children than the mothers (P < .001). The age at onset of migraine in the children with a history of paternal migraine was significantly lower in the children than the fathers (P < .001; Table 2 ). Age at onset of paternal migraine was significantly lower in the fathers of male children with migraine than in the fathers of female children with migraine (P ¼ .026; Table 2 ). No such association was found for maternal migraine (P ¼ .526). Values are mean + SD unless otherwise specified.
Discussion
The present study showed that in the children with a parental history of migraine, the disease began at a significantly younger age in the children than in their affected parent(s). Furthermore, the disease began earlier in the fathers of male children with migraine than in the fathers of female children with migraine. There was no association between maternal migraine and sex of the affected child. Environmental, genetic, and epigenetic factors, alone or in combination, may influence age of onset of migraine. 1, 7 We may assume that all or some of these factors play a role in the difference in age of onset of the disease between children and their parents. However, because all 3 factors overlap, it is difficult to distinguish the individual effect of each.
Environmental Factors
Children with both parents having migraine had lower headache frequency per month than children with 1 parent with migraine. This may result from lower parental stress because both parents are familiar with migraine symptoms, and their child may have less headache complaints.
There is evidence in the literature supporting the involvement of environmental factors in migraine. Russel et al 2 noted that there was an increase in the rate of migraine without aura not only in the first-degree relatives of migraineurs but also in their spouses. Female sex hormones, the menstrual cycle, and pregnancy, as well as the use of hormonal contraceptives have been found to modulate migraine attack frequency. 6 Menopause may increase the risk of migraine with aura, apparently owing to the reduction in estrogen and progesterone. 6 Chambers et al 5 investigated the impact of maternal behavior on the pain experiences of children. After dividing 120 children and their mothers into 3 groups of pain-promoting interaction, pain-reducing interaction, and a no training (control), the authors exposed the children to laboratory-induced cold pressor pain. They found that girls whose mothers interacted with them in a pain-promoting manner reported more pain than daughters of mothers in the control group. This effect was not significant for boys. Although this study did not assess headache pain, it may help to explain our results, suggesting that pediatric migraineurs who have a mother or father with migraine may experience their parent's reaction to pain (painpromoting interaction) and hence learn to complain of pain earlier than their parents
Similarly, other studies of pain, although not specifically of migraine headache, show that beyond or in addition to genetic factors, the pain-related behavior of the parents influences the pain-related behavior of their children and predicts the appearance of pain at an early age. 5, 11, 12 In a search for factors in early life that may predict headache (any type) before school entry, Aromaa et al 13 found a significant effect of headache in other family members (OR 3.5, 95% Cl 2.0-5.91), especially the mother (OR 1.7, 95% Cl 1.2-2.41). Groholt et al 11 conducted a cross-sectional study of 10 000 children aged 2 to 17 years selected from population registries. The most common pain combination was headache and abdominal pain, with a sitespecific association between parental and child pain. These findings might suggest that if parental role modeling is important, it is dependent on pain localization. 11 Accordingly, Osborne et al 12 interviewed 20 children with sickle cell anemia and their parents and found that children may mimic the pain symptoms of their parents and its body location. This may explain why children who are exposed to parental migraine headache may present with complaints of migraine pain earlier than children who are not.
Genetics
Biochemical and genetic studies have found that individuals with migraine are characterized by mitochondrial dysfunction as decreased activity of mitochondrial respiratory chain enzymes together with increased formation of reactive oxygen species.
14 Specific mitochondrial DNA variants responsible for migraine susceptibility were identified. 15 Arruda et al 15 divided the frequency of primary headaches in parents and children into 3 groups: low, 1 to 3 headache attacks per month; intermediate, 4 to 6 headache attacks per month; and severe and very severe, 7 to 19 headache attacks per month. They found that the frequency in the mothers predicted the frequency in their children, regardless of gender. The type of headache (tension or migraine) was not mentioned. The authors were unable to conclude from these data alone that chronic daily headache is genetic, or that there is a genetic predisposition for specific headache frequencies, only that these parameters (chronic daily headache and frequencies) are familial.
In a study of 29 717 pairs of dizygotic and monozygotic twin pairs from 6 countries, genetic factors were shown to account for 34% to 57% of the variation in migraine occurrence, with environmental factors accounting for the remainder. 4 Russell et al 2 noted that the risk of migraine was 2-to 4-fold higher (depending on migraine type) in individuals with a first-degree relative with migraine than in the general population. 2 The effect of age was reported by Stewart et al 3 in a populationbased study in which the chances of having a relative with migraine was found to be significantly higher for probands with early onset of headaches (age < 16 years) and a higher migraine severity score. 3 Similar findings were reported in a study of female students with migraine conducted by Dzoljic et al. 16 The students with a family history of migraine had a lower threshold of migraine pain than those without a family history. However, the authors suggested that besides a genetic influence, the association of family history of migraine with migraine severity might be explained by some relatives having mild forms of the disease and less disability such that they are unaware of the presence of the disease or their families are unaware of the diagnosis. Indeed, this factor may have biased the results of our study as well, as we limited our cohort to pediatric patients admitted to a tertiary pediatric clinic who may have had more severe migraine than the general population of the same age. Although type of headache was not mentioned, a genetic component may also explain the finding of Aromaa et al 13 that the frequency of the mother's headaches before pregnancy were predictive of the child having headaches before school entry.
Bigal et al 17 showed that early age at migraine onset is associated with a higher risk of acquiring chronic daily headache later in life. The authors noted that as transformed migraine in adolescents is not associated with medication overuse, its early onset might be attributable to an increased biologic risk. Thus, the emergence of migraine early in life may be more dependent on endogenous or constitutional factors than on exogenous or environmental factors. Aggregation seems to increase as a function of disease severity, and both early migraine onset and migraine severity in the proband are associated with higher levels of family aggregation. 17 Accordingly, the presence of a family history of migraine in all our patients may explain the early onset of the disease in the children compared to their parents.
Anticipation is the tendency of familial disorders to occur earlier in younger than in older generations of a family. The disorder may also be more severe in later generations, probably owing to the well-known correlation of early onset with severity than the parent. 18 Anticipation is being increasingly reported in human disease, and it may even serve as an indicator of the presence of unstable trinucleotide repeats. It has been specifically associated with neurologic and mental diseases, such as olivopontocerebellar atrophy, rolandic epilepsy with speech dyspraxia, myotonic dystrophy, and schizophrenia. 18 We suggest that the early age of migraine onset in the children relative to their parents in our study may point to a role of anticipation in migraine. A relationship between age of onset of migraine across generations might have an effect on the natural history and the severity of the disease. However, we should remember that this finding in our study may have been biased, as noted above, by the inclusion off population with more severe disease and earlier onset. Two studies of familial cluster headache also reported a significantly younger age of onset in the second and the third generations of affected families than in the first generation. 19, 20 The authors remarked that anticipation may be a real phenomenon, but researchers should be wary of biases due to patient selection-as younger individuals with later disease onset may simply not yet have symptoms-and poor parental recall. Nevertheless, given the large (approximately 12-year) difference in the age at which migraine appeared between the children and the parents in our study, genetics may still play a role beyond these confounding factors.
We do not have information on the age onset of migraine in the children of grandparents. It would be interesting to investigate whether the trend of earlier onset continues over several successive generations.
Epigenetics
Epigenetics refers to partially heritable alterations in organisms caused by modifications that influence gene expression but do not involve changes in the DNA sequence itself. These alterations may be due to environmental factors or triggered by ageing. 7 Epigenetic marks can be dynamic but they can also be stably inherited through cell divisions. 7 Therefore, epigenetic processes are involved in cell and developmental stage-specific regulation of gene expression and also play an important role in programming lasting responses to environmental cues. 6, 7 Three main systems participate in epigenetic structuring: methylation, histone modification, and RNA-associated silencing. 5 In methylation, alterations in the epigenetic state may cause myriad downstream problems involving the addition or removal of methyl or acetyl groups, leading to chromatin conformation. 5 In view of the modulatory effect of female sex hormones, the menstrual cycle, and pregnancy on migraine attack frequency, 6 a recent comprehensive review suggested that epigenetic changes resulted from methylation in the study of migraine. The 2-to 3-fold higher prevalence of migraine in women than men has been attributed to 17b-estradiol, which may exert at least part of its effects via epigenetic mechanisms. 6, 21 A study in rats 21 demonstrated an exacerbation of migraine-like behaviors together with an increase in light and noise sensitivity and enhanced acoustic startle following exposure to estradiol. Estradiol receptors are present in trigeminal nociceptors, and studies have demonstrated that estradiol binding leads to downstream activation of extracellular signalregulated kinase. 21 Estrogen receptors regulate the expression of the glucose transporter Glut4 in the trigeminal nucleus by maintaining a low level of DNA methylation at its promoter. 21 Maleki et al 22 reported that each 1-year delay in the onset of menarche decreases the odds of migraine by 7%. An earlier onset of puberty has been reported for several decades in developed countries worldwide and has generally been assumed to be due to improvements in nutrition. 23, 24 We speculate that the lower age of menarche in children compared to their mothers may lead to earlier epigenetic changes and earlier onset of migraine. Along the same lines, earlier onset of pediatric multiple sclerosis has been associated with earlier age at sexual maturity, particularly in association with obesity. 25 Such epigenetic changes may be due to earlier puberty in our country, 26 and may have contributed to the earlier onset of migraine reported here in children compared with their parents.
We do not have a pathophysiological explanation for the earlier onset of migraine onset in fathers of boys with migraine relative to fathers of girls with migraine. This finding should be evaluated in larger groups, as our results may have been biased by the small number of fathers (n ¼ 25) who participated in this study.
Study Limitations
One of the greatest threats to the interpretation of these data is that the uncovered associations might simply reflect referral patterns or other idiosyncrasies of our clinic, such as the physician's decision to refer the patient or the patient's agreement to attend the clinic. Perhaps parents with history of migraine have early recognition in the same disease as their children.
Because this is not a prospective study, the interview with the parents may have been subject to recall bias. Furthermore, the study was conducted in a tertiary referral clinic which generally sees more severe cases. In addition, parents may be less aware of milder, less frequent migraine disease in their children, leading to a lower admission rate to a tertiary headache clinic for this patient group. For these reasons, our conclusions cannot be extrapolated to the general pediatric population with migraine.
Conclusion
Our analysis of data on parental migraine shows that in children and adolescents with a family history of migraine referred to a pediatric headache clinic, age at onset of migraine is younger than in their parents. A prospective, long-term study is needed to verify our results and eliminate recall and institutionalrelated biases. A progressively lower age of onset of migraine over succeeding generations may point to underlying environmental, epigenetic, and genetic disease mechanisms.
A progressively lower age of onset of migraine over succeeding generations may point to underlying environmental, epigenetic, and genetic disease mechanisms. Further studies are needed to determine a possible effect on the natural history of migraine. This trend may also indicate a need for earlier treatment.
